We study the behavior of female labor force participation (LFP) over the business cycle by estimating fixed effects models at the country and population-group level, using data from harmonized national household surveys of 18 Latin American countries in the period 1987-2014. We find that female LFP follows a countercyclical pattern-especially in the case of married, with children and vulnerable women-which suggests the existence of an inverse added-worker effect. We argue that this factor may have contributed to the deceleration in female labor supply in Latin America that took place in the 2000s, a decade of unusual high economic growth. which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.
Introduction
Over more than 50 years female labor force participation (LFP) has been increasing markedly and steadily in almost all regions of the world. Latin America has not been an exception: about 70 million women entered the labor market during the second half of the 20th century, reflecting the increasingly important role of women in the region (Chioda 2011) . However, since the early 2000s the growth of female LFP has slowed down significantly in most Latin American countries and it has even come to a halt in some of them. While the growth of female LFP was on average 0.91 percentage points a year between 1992 and 2002, it slowed down to 0.35 points a year between 2002 and 2014. This deceleration has occurred despite both a large increase in the level of schooling of women and a decline in fertility levels, two factors that should favor the increase in female labor supply (Gasparini and Marchionni 2015; Beccaria et al. 2015) .
The recent slowdown in the growth rate of women's labor supply may affect their prospects for empowerment in society (World Bank 2012), postpone the reduction of gender gaps in the labor market, and even undermine the goals of reducing poverty and income inequality in the region (Parada et al. 2017) . It could also imply a stagnation of the global labor supply, given the absence of significant changes in male labor force participation (Beccaria et al. 2015) .
The strong and rather unexpected economic expansion that Latin America experienced in the 2000s, well above the long-term trend, has been pointed out as one of the likely driving factors of the slowdown in female LFP . Better macroeconomic conditions can affect the entry of women into the labor market at least in two different ways, with effects in opposite directions. On the one hand, a better economic context can encourage women to enter the labor market, as they face more favorable labor conditions and higher wages (substitution effect). On the other hand, a better economic scenario may imply lower unemployment and higher earnings of male partners and the expansion of social safety nets, two factors that alleviate the pressure on other family members, especially female spouses, to look for a job, and hence negatively affect their LFP (income effect). This latter channel, a version of the typical added-worker effect, could have been more relevant for women in vulnerable households in Latin America, since (i) their labor supply is more elastic to income shocks, either coming from earned or unearned income, and (ii) their households were the most benefitted by the economic changes in the 2000s.
In this paper we use a large dataset of microdata from harmonized household surveys of all Latin American countries to provide evidence on the empirical links between labor force participation and the cycle and trend components of GDP, and use the results to argue about the likely driving factors behind the observed deceleration in female LFP in the region. In particular, and unlike Gasparini and Marchionni (2017) that carry out an analysis based on observations at the country level, we estimate fixed effects models of LFP based on a panel that follows groups of individuals defined according to their level of schooling and age in each Latin American country over the period 1987-2014. Working at a population-group level allows us to incorporate a broad set of regressors, combining variables linked to the macroeconomic context (cyclical and trend components of GDP) with others related to demographic characteristics and public policies.
We find that whereas female LFP is positively associated with the trend component of GDP, it has a countercyclical behavior: large short-term expansions of GDP, beyond its long-term increasing trend, are associated with a reduction in female labor supply. The evidence is consistent with an inverse added-worker effect: better economic conditions for primary workers cause a delay in secondary workers' entrance into the labor market. This relationship is stronger for married women (either in formal or consensual unions) with young children, who often act as secondary workers in their households, especially those with low educational attainment, living in rural areas, and from low-income families. These results are consistent with the hypothesis that the exceptionally high economic growth in Latin America in the 2000s is a relevant factor behind the deceleration in female LFP, which was particularly intense among vulnerable married women.
The rest of the paper is organized as follows. We begin in Sect. 2 by briefly reviewing the literature on the determinants of female LFP in Latin America. Section 3 describes the data sources that are used in the study. In Sect. 4 we present preliminary evidence on the association between the economic cycle and the recent deceleration of female LFP in the region. Section 5 describes the empirical strategy and Sect. 6 reports and discusses the results. In Sect. 7 we conclude with some final remarks.
Background
Disentangling all the factors that may account for the observed patterns in female labor supply is not an easy task, since several potential driving forces are simultaneously at play. Busso and Romero Fonseca (2015) and Chioda (2011) present a broad conceptual framework, which divides the possible determinants of female LFP into two groups: those that depend on individual decisions and preferences, and those that are out of the individual's control. The first group includes the decisions associated with human capital investment (education) and family formation (marriage, fertility). The second group comprises the returns in the labor market (e.g. gender wage gaps), household technologies (availability of home appliances, electricity and internet connection), health technologies (contraceptive methods), cultural factors (religion, gender discrimination), and public policies (taxes, cash transfers, children and elderly care services, maternity and parental leave). 1 The variables that we are most interested in are those related to macroeconomic conditions, which are part of the second group of factors, such as the trend and cycle components of GDP.
A strand of the literature studies the role of macroeconomic conditions by estimating the effect of recessions and economic crises on the aggregate rate of female LFP. In particular, these works try to assess the relevance of the addedworker effect (AWE). The concept was originally conceived by Woytinsky (1940) and later developed by Ashenfelter (1980) , Heckman and Macurdy (1980) , Lundberg (1985) and Maloney (1987) . The AWE refers to the entry into the labor market of household secondary workers, usually wives, after a transitory reduction in household income (e.g. after the household head becomes unemployed). 2 Thus, the relevance of the AWE with regard to female LFP relies on a typical income effect that arises at the household level in the context of a unitary model that assumes that women are secondary workers and that leisure is a normal good. In the context of life cycle models with no liquidity constraints, the AWE is expected to be negligible as long as the loss in income due to unemployment is small compared to the primary worker's lifetime earnings (Lundberg 1985) .
In addition to the income effect represented by the AWE, unfavorable economic perspectives in the labor market may lead to a substitution effect known in the literature as the discouraged worker effect, which operates in the opposite direction. If the latter is outweighed by the 1 Busso and Romero Fonseca (2015) apply a meta-analysis of the determinants of women's labor supply and estimate bivariate models with country fixed effects to assess the role of each factor in explaining the evolution of female LFP in Latin America. Their results suggest that the positive long-term trend is driven primarily by the expansion of health and household technologies and by the gradual change in cultural factors. Furthermore, traditional factors such as the increasing female educational attainment and the decreasing fertility rates have also contributed to the long-term expansion of female participation in the labor force and vice versa. Other works reach similar conclusions using aggregate decompositions, such as Peña et al. (2013) for Colombia or for several countries in Latin America. 2 In turn, the effect can be boosted if the increase in time away from the labor market of primary workers reduces the opportunity cost of carrying out market activities for secondary female workers, through the substitution of tasks within the household. AWE, female labor force participation should exhibit a countercyclical behavior.
In practice, the strength of these effects depends on the relevance of other factors, such as the availability of alternative strategies to cope with negative income shocks (child labor, unemployment insurance, etc.) and the existence of imperfect credit markets together with liquidity constraints (Mankart and Oikonomou 2017; Garcia-Perez and Rendon 2016) . Consequently, empirical studies for developed countries, such as the U.S. or the United Kingdom, find small added-worker effects (Cullen and Gruber 2000; Stephens 2002; Prieto-Rodriguez and Rodriguez-Gutierrez 2003; Bredtmann et al. 2017) , or even no evidence of its existence (Layard et al. 1980; Maloney 1991) . Instead, in developing economies such as those of Latin America, the AWE may be larger due to the lack of unemployment insurance benefits, the fact that many households face financial restrictions, and the role of women as secondary workers, reinforced by solid family structures with a strong attachment to traditional gender roles, and low levels of women's skills and educational attainment within some population groups. In addition, given the importance of the informal sector in the region, entry and exit barriers in the labor market are relatively low, which facilitates changes in female participation (Basu et al. 2000; Maloney 2004 ).
Several empirical studies analyze the validity of the AWE hypothesis in the region. Martinoty (2015) uses the collapse of the Argentina's convertibility regime as a natural experiment to evaluate the effect of changes in husbands' labor situation in the labor participation decision of their wives, finding evidence of a statistically significant AWE. Similar results are found by Cerrutti (2000) and Paz (2009) also for Argentina in the 1990s and 2000s, respectively, Fernandes and Felicio (2005) for Brazil, and Parker and Skoufias (2004) for Mexico. On the other hand, McKenzie (2004) and MacKenzie (2003) find no evidence on the presence of AWE when studying household strategies to compensate the negative shocks from the financial crises of 2002 in Argentina and 1995 in Mexico, respectively.
The literature that explores the dynamics of female labor supply with aggregate level data provides more mixed results, with some papers that even report a procyclical behavior for developed countries (Tachibanaki and Sakurai 1991; Darby et al. 2001; Lee and Parasnis 2014). 3 In contrast, in their study for Latin American countries between 1965 and 1987 , Cox Edwards and Roberts (1994 show that the AWE is significant for low-income countries, although not for richer countries, such as Argentina or Chile. In a more recent work, Bhalotra and Umaña-Aponte (2010) use a panel data set for 63 developing countries for the period 1986-2006, and find that the relationship between female employment and growth is negative on average for Latin America and Asia, but positive for Africa. We improve the empirical strategy of these earlier studies by using more disaggregated and better-quality data (more Latin American countries, with longer and more comparable time series), by including more controls, and by focusing directly on female labor force participation instead of the employment rate.
In this paper we deepen the analysis of the main hypothesis in Gasparini and Marchionni (2017) : the deceleration of the growth rate of female labor supply could be related to the strong economic expansion experienced by the Latin American countries in the 2000s. The better economic scenario, which resulted in an improved labor situation especially for the less skilled male workers, could have encouraged an inverse addedworker effect on their female partners. In other words, women, especially the most vulnerable, may have decided to postpone their entry into the labor market due to a lower pressure to search for a job. This paper overcomes some methodological limitations and at the same time deviates in some directions from the analysis in Gasparini and Marchionni (2017) , besides extending the period of analysis. Their estimations are based on cross-country panel data and include as unique regressors the cyclical and trend components of GDP. Instead, in this paper we estimate multivariate models combining variables associated with the macroeconomic context (the abovementioned trend and cycle components of GDP) with others related to demographic characteristics and public policies. Among the regressors, we include the coverage of conditional cash transfer programs, proxied by the proportion of beneficiaries in the population. In addition, we build a panel dataset disaggregating the adult population into groups defined by education and age for each country, which significantly increases the cross-section variability. In this way, our models allow for a better identification of the partial correlations between labor force participation and each of its covariates, as we control for fixed effects by country and by population group, among other variables.
Data sources
Our analysis is mostly based on microdata from household surveys, which are part of the Socioeconomic Database for Latin America and the Caribbean (SEDLAC), a project jointly developed by CEDLAS at Universidad Nacional de La Plata and the World Bank. Household surveys are not homogeneous across countries and in some cases not even for the same country over time. Given such heterogeneity, careful survey processing is necessary to ensure as much comparability as possible of estimates among countries and years. This is precisely one of the advantages of using the SEDLAC database, where microdata are harmonized using similar definitions of variables for each country/year and a consistent and documented protocol (see SEDLAC 2014). In this paper, we use SEDLAC microdata of 18 countries (the 17 countries in continental Latin America and the Dominican Republic). 4 Table 8 in the Appendix describes the corresponding surveys and the years they cover.
Our econometric estimations are based both on a nonbalanced panel dataset of those 18 countries over the period 1987-2014, and on a more disaggregated panel dataset that follows 9 groups of women defined according to their age and education for each one of the 18 countries. However, to compute the descriptive statistics that we show in Sect. 4, we use a smaller sample of only 15 countries for the shorter 1992-2014 period. 5 With this restricted sample we build a balanced panel using linear interpolations and extrapolations, for which we take information from the most proximate surveys. Table 9 in the Appendix presents a schematic summary of the composition of both the non-balanced and balanced panels.
All the statistics at the country or population-group level are computed using the corresponding sample weights. However, in order to describe the situation for the whole region we use simple averages across countries instead of population-weighted averages, to avoid that highly populated countries, such as Brazil and Mexico, drive the results. The demographic, social and labor variables are obtained from the SEDLAC microdata. The rest of the variables, such as per capita GDP, some institutional and political variables, or the coverage of social programs are taken from alternative sources (e.g. the World Development Indicators from the World Bank, or CEPALSTAT). Table 10 lists the variables used throughout the study, their definitions and the corresponding sources.
An additional clarification before moving on to the next section: following the literature on labor supply, our analysis focuses on prime-age people. In our case, we restrict the sample to adults between 25 and 54 years old. Labor behavior of younger individuals is more related to education decisions while the labor supply of older people mostly depends on the relevance and dynamics of the pension system.
The economic cycle and female labor force participation in Latin America
The deceleration since the early 2000s, after a strong increase during the previous decades, has been a major change in the dynamics of female labor supply in Latin America. 6 Figure 1 shows that the deceleration is robust to the group of countries chosen. 7 While the growth of female LFP was on average 0.91 percentage points a year between 1992 and 2002, it slowed down to 0.35 points a year between 2002 and 2014. Even though the contrast between the growth rates in both periods is not similar in all Latin American countries, it is significant in most of them and sufficiently widespread to be visible in the regional average. 8 In some cases there are even signs of stagnation ( Fig. 5 in the Appendix). Unlike women's, men's labor supply is much higher and more stable over time. Thus, the recent deceleration in the growth rate of female LFP delays the closing of the gender gap in labor participation. 9 Marchionni (2015, 2017) show that the deceleration was stronger for women that are in more vulnerable conditions, especially those with low education, living in rural areas, and who are married and with children. Vulnerable women usually have a weaker attachment to the labor market, and thus they are more prone to enter and exit the labor market depending on the economic situation inside and outside their households. The fact that the deceleration in female LFP since the early 2000s was especially intense among vulnerable women suggests that changes in the macroeconomic context could have played an important role. 6 Female labor supply strongly and persistently expanded since the 1960s in Latin America (Chioda, 2011). 7 The slowdown is also evident when grouping the countries by sub-region (South and Central America) or by their initial levels of female LFP. 8 Argentina, Bolivia, Brazil, Chile, Costa Rica, Ecuador, Honduras, México, Panama, Paraguay and Venezuela experience a deceleration in the growth rate in female LFP since the decade of the 2000s. 9 We focus on labor force participation since most of the action seems to have taken place in that margin. find that "Changes in hours of work for female workers were not large, not very different between decades, and not significantly different from those of males. Likewise, changes in unemployment seem to have been small and with no significant gender differences. These patterns reinforce the claim that the dynamics of labor force participation are among the most noticeable labor phenomena with a clear gender dimension over the last decades. " Chioda (2011) and World Bank (2012) , among others, share this conclusion. 4 Most of the household surveys included in the sample are representative at the national level. The exceptions are Uruguay before 2006 and Argentina, where surveys cover only the urban population, which, however, represents more than 85% of the total population.
In fact, the macroeconomic conditions in Latin America were significantly different in the 2000s compared to the previous decade. While the average GDP grew at an annual rate of 1.9% between 1990 and 1999, it grew 3.5% per year on average between 2000 and 2014, despite the effects of the 2008 global financial crisis. In addition to the higher growth rates, the 2000s were characterized by more macroeconomic stability than previous decades. Figure 2 shows that the strong increase in per capita GDP in the region over the 2000s occurred in coincidence with the deceleration of female LFP. 10 As discussed in Sect. 2, the effect of economic growth on women's labor supply could be either positive or negative depending on whether it is the substitution or the income effect that prevails. On the one hand, an improved macroeconomic context can encourage female LFP through a substitution effect, but on the other hand it can depress female labor supply because the better economic situation in the household alleviates the pressure on women to look for a job outside the house, allowing them to postpone their entry into the labor market.
As above mentioned, the latter argument is a variant of the hypothesis of the added-worker effect (AWE), generally used to explain the increase in female LFP in response to unemployment shocks and the drop in family income during economic recessions. Conversely, as labor conditions for the primary workers improve during a period of strong economic expansion, female secondary workers could feel discouraged from participating in the labor market. The incentives for women do not necessarily imply an exit from the labor market, but a postponement of the decision to enter the market, for instance, to allocate more time caring for their children or the elderly at home. Also, the better economic conditions inside and outside the household can relieve the pressure on women acting as secondary workers to take any kind of job, allowing them to wait until they find a job that fits their preferences.
Therefore, if the AWE outweighs the substitution effect, female LFP should exhibit a countercyclical behavior. In this sense, it is important to notice that the AWE should be much more relevant for women from more vulnerable households. In fact, as discussed above, poor women, with low educational attainment and with young children are more likely to act as secondary workers, as they have a weaker attachment to the labor market and their labor decisions are more sensitive to the economic situation in their households (Michalopoulos et al. 1992; Kimmel 1998; Eissa and Hoynes 2004; Naz 2004; Tamm 2009 ). It is precisely these women who have benefitted most from the economic expansion in the 2000s, through improvements in the employment rate and earnings of men in their families. Figure 3 illustrates this point by showing the evolution of some labor variables for high-skilled relative to low-skilled prime-age men. The hourly wage ratio between men with high and low education has substantially shrunk since the early 2000s. This fact suggests that in addition to the generalized increase in real wages, the economic improvement was greater in poor than in nonpoor households. Also, there has been a pronounced decline in the unemployment rate of unskilled men, which fell from 6.1% in 2002 to 3.7% in 2014, in contrast with a more stable behavior of the unemployment rate for the skilled men, which fluctuated around 4%. Figure 3 then highlights the existence of a potentially relevant added-worker effect especially for more vulnerable women who, given the positive assortative mating, are the ones likely married to low-education workers. An additional factor that could explain the deceleration in female LFP is the income effect due to an increase in public transfers to families, especially from conditional cash transfer programs (CCTs), which have strongly expanded in Latin America since the early 2000s both in terms of number of beneficiaries and amounts transferred. Figure 4a shows that the coverage of CCTs in the region, measured as the percentage of the total population that are beneficiaries of these programs, grew from 2.7 to 18% between 2002 and 2010, and remained fairly stable over the following years. CCTs consist of transfers to poor families with children. The transfers are usually monetary and conditional on households investing in children's human capital (education, health, and nutrition). Currently, almost all the countries in Latin America have some kind of conditional cash transfer program, reaching a large fraction of the poor population. For instance, according to Stampini and Tornarolli (2012) CCTs in Mexico, Brazil and Colombia cover around 50% of the poor, while coverage in Uruguay reaches 80%. 11 The potential effects of CCTs on female LFP are ambiguous. On the one hand, there may be a negative effect operating through three different channels. For women who had the urgency to get a job due to the difficult economic situation in their homes, CCTs can provide the economic relief that allows them to delay their entrance into the labor market. Moreover, since women are typically the recipients of the cash transfer, they may perceive the subsidy as earned income in exchange for their efforts to ensure compliance with the conditionalities associated with the program, which reduces their available time to engage in market activities while encouraging the traditional division of gender roles within the household (Garganta et al. 2017 ). Finally, the beneficiaries of CCTs may believe that in order to continue to be eligible for the program, they should work less to remain poor. All these three channels would involve a negative effect of CCTs on female LFP. On the other hand, CCTs may have positive effects on female LFP. If conditionalities require that children go to school, they may induce women to allocate more time to market activities as they do not need to use it for childcare anymore. This could also imply that children have less time to work, which could reduce household income and increase the demand for earned income inside the family (Busso and Romero Fonseca 2015) . Figure 4b shows the evolution of labor participation of women according to whether their households receive or not public transfers, which include CCTs and other non-contributive pensions, either monetary or in kind, and exclude retirement pensions. While labor force participation rates are similar for the two groups of women over the 1990s, since the early 2000s a gap develops due to a decline in labor supply of women from beneficiary families. This fact is consistent with the hypothesis of the negative income effect discussed above. According to the meta-analysis carried out in Busso and Romero Fonseca (2015) , CCTs generally have a negative effect on female LFP and hours worked, even though several studies for countries in the region find the effect to be not statistically significant.
We have argued that there are several factors that could explain the deceleration in female LFP in Latin America, and it seems that one of the most important is related to the economic cycle, even though the evidence presented so far is merely descriptive. The relationships described could be economically irrelevant or not statistically significant. Therefore, in the following sections we deepen into the analysis of the role of the economic cycle on women's labor participation decisions to assess the extent to which macroeconomic conditions can account for the recent slowdown in the rate of growth of women's labor supply in the region.
Empirical strategy
In order to study the dynamics of women's LFP over the economic cycle, we use a set of panel data models that allows us to control for some potential sources of bias. We start with the simple models in Eqs. (1) and (2) where the left-hand-side variable Y ct is the LFP rate for women aged 25 to 54 for country c at year t . In model (1) we include in the right-hand side the logarithm of the real per capita GDP, while in model (2) we use its cyclical and trend components, estimated through the Hodrick-Prescott filter. The country fixed effects η c capture both observable and unobservable factors that vary across countries but that are fixed over time, avoiding potential sources of omitted-variable bias. 12 As for other covariates of LFP, it is difficult to identify statistically significant relationships given the small number of countries and the limited variability that many social and economic indicators exhibit over time. To gain more sample variability we build a new panel with data at the population-group level, where the groups are the result of combining three levels of educational attainment (low, medium and high) and three age ranges (25-34, 35-44, and 45-54) . This latter panel then follows these nine population groups of women in each of the 18 countries over the period 1987-2014. Based on the population-group level panel, we propose the specification in model (3):
The left-hand-side variable Y gct is the LFP rate for women in group g for country c at year t . As in models (1) and (2), the right-hand side includes the cyclical and trend components of per capita GDP for each country and year. To assess the relevance of the added-worker effect we include the male unemployment rate of group g in country c of year t um gct as an additional explanatory variable. If the hypothesis of the inverse added-worker effect is valid, we expect that as we add this factor, the absolute value of the estimated coefficient of the cyclical component of per capita GDP decreases. Also, in order to evaluate the relationship between the conditional cash transfer programs and the changes in female LFP, we include the coverage of such programs for each country and year ( cct ct ). X ct are other controls that vary across countries and through time, such as the share of the value added of the service sector in the GDP and the share of rural (1)
population, and Q gct are covariates that also vary across the groups g , such as education, fertility, marital status, age of children, average wage of women, and gender wage gap. Tables 10 and 11 in the Appendix provide definitions and descriptive statistics of the variables. η c and ν g are fixed effects by country and by group, respectively.
We estimate models (1), (2) and (3) for women, men, and the gender ratio (men/women), in order to explore differences in the effect of the economic cycle by gender. The estimation results are presented and discussed in Sect. 6.
Although in model (3) we control for a quite large set of potentially relevant factors, including the unobserved heterogeneity that varies across countries or across groups but is fixed over time, it may still be insufficient and other potential sources of bias may persist. For instance, measurement error in the cyclical component of GDP per capita could lead to attenuation bias of our estimator of β 1 . However, as we will see in the next section, all our results indicate a strong and statistically significant countercyclical behavior of female LFP. In any case, we carried out robustness checks to other alternative measures of the cyclical and trend components and the results hold. 13 Also, the reciprocal relationship between the business cycle and female LFP may bias our OLS estimates towards zero. This would be the case if, for instance, female LFP positively affects economic growth (Tsani et al. 2013; Elborgh-Woytek et al. 2013) . We address the concerns regarding this potential source of endogeneity by applying an instrumental variables strategy to identify the causal effect of the cyclical component of GDP on female LFP. We propose to use exports prices as instruments for the cyclical component. 14 The validity of this instrument is discussed in the next section. For the estimation, we use the two-stage least squares (2SLS) procedure, considering the cyclical and trend components as endogenous variables.
Results
In this section we present the main results of our analysis. We start by discussing the models at the country level, then expand the analysis to a panel at the countrygroup level and we end by providing instrumental variables estimates to reinforce the credibility of our results.
Analysis at the country level
We start with the simple models at the country level in Eqs. (1) and (2), as in Gasparini and Marchionni (2017) . Table 1 shows the OLS estimation results of country fixed effects models of labor force participation based on an unbalanced panel of 18 Latin American countries in the 1987-2014 period. The dependent variables are female LFP (columns 1 and 2), male LFP (columns 3 and 4), and the gender ratio in LFP (men to women, in percentage, in columns 5 and 6). As explanatory variables we include the logarithm of real per capita GDP, and alternatively its cyclical and trend components.
The results in Table 1 suggest that changes in GDP are positively related to female LFP: a 10 percent increase in per capita GDP is associated with an increase in female LFP of 2.26 percentage points (pp.) on average. When decomposing per capita GDP, we find a statistically significant relationship both with the cyclical and the trend components, but with opposite signs. Whereas the trend component is associated with an increase in female LFP (2.56 pp.), the short-term movements are countercyclical: a 10 percent increase in the cyclical component of the GDP is associated with a reduction in female LFP of approximately 2.17 pp. 15 This latter result is consistent with the hypothesis that the unusual strong economic growth experienced by many Latin American countries during the 2000s contributed to the deceleration in women's labor supply. In fact, a back-to-the-envelopecalculation with the results from Table 1 suggests that the cyclical component of the GDP growth of the Latin American economies over the 2000s may account for 43% of the deceleration in female LFP.
In contrast with the case of women, changes in per capita GDP or its cyclical and trend components are not associated with male labor supply, which shows very little variation over the period under study. As a consequence, the labor force participation gap between men and women is negatively correlated with the GDP trend, but positively correlated with the cyclical component. 16 In sum, the estimation results from models in Eqs. (1) and (2) indicate that female LFP increases with economic 15 Our results are consistent with those of Bhalotra and Umaña-Aponte (2010), who find a countercyclical pattern of female LFP in Latin America and Asia. 14 We are thankful to one referee for suggesting the use of this instrument. 16 Using a similar regression framework, we find that the employment rate is also positively related to the GDP per capita growth for women but not for men. The effect of the trend component is positive and particularly strong for women, while the cycle is especially strong for males. In addition, unemployment is negatively related to GDP, and the effects of both cyclical and trend components are negative and statistically significant for both genders. In turn, wages increase as GDP expands for both men and women. An increase in the trend component of per capita GDP is associated with reductions in the gender wage gap, while short-term expansions widen it. These results are available upon request. development, reducing the gender gap in labor supply; however, short-term economic expansions are associated with a decline in the entry of women into the labor force, and thus with a widening of the gender gap.
We already suggested that an inverse added-worker effect (AWE) could be the mechanism behind these results. Although we cannot provide causal evidence with the data at hand, we can explore whether some predictions of this hypothesis are consistent with the evidence. In what follows we explore two implications of the inverse AWE argument. First, since the mechanism operates through adjustments within the household, the results should differ across women from different household arrangements. 17 In particular, we expect the sensitivity of LFP to cyclical fluctuations of GDP to be higher for women living with her spouse and with young children, since, as argued above, they are more likely to act as secondary workers within the household. The results in Table 2 are consistent with this expectation. The coefficient for the cyclical component of GDP is higher (in absolute value) for women living with a spouse ("married"); in fact, the coefficient is negative but statistically non-significant for the group of single women. Accordingly, the ratio in LFP between married and single women falls (i.e. the gap in LFP between these groups becomes larger) as the cyclical component of the GDP increases (column 3).
When classifying women by their family structure (columns 4 to 8), the negative effect of the cyclical component of the GDP is significant only for women in two-parent families. The effect vanishes for women in single-parent families or for women living alone. 18 Finally, the results in columns 9 to 13 suggest that women with young children are more prone to react to improved economic conditions than those with older children or no children at all, a result again consistent with the inverse-AWE story.
As discussed in Sect. 4, another implication of the AWE argument is that we should observe a stronger reaction to the cyclical movements in economic activity for the group of more socioeconomic vulnerable women. To this aim we estimate the female LFP models by education, household size, per capita family income, marital status, area of residence, and family types. We also build a vulnerability index based on the principal components of these variables. According to this index, vulnerable individuals are those with a very low educational attainment, living in rural areas, with many children, and with low incomes. Table 3 shows the estimation results of model (2) by educational group, and for the vulnerable and nonvulnerable population, defined as quintiles 1 and 5 of the vulnerability index, respectively. 19 According to our results, the negative relationship between the cyclical component of per capita GDP and female LFP is stronger for less educated, more vulnerable women. Whereas the coefficient associated with 1 and 2 (3 and 4) is female (male) labor force participation as percentage of women (men) aged 25-54; in columns 5 and 6 is the LFP ratio (men/women) expressed in percentage. Log per capita GDP is the logarithm of real gross domestic product per capita. Cyclical and trend components of GDP are obtained by applying the Hodrick-Prescott filter to the log of per capita GDP. For detailed data definitions and sources, see Table 10 in the Appendix. Robust standard errors clustered by country in parentheses. ***Significant at 1% level, **5%, *10% the cyclical component is − 23.6 for the group of women with less than complete secondary schooling, it halves (− 11.3) for women with a degree from a tertiary institution. In fact, that coefficient is negative and significant in a regression for the ratio of LFP between low and higheducated women, suggesting a widening gap between these groups over the expansive phase of the business cycle. Columns 6 to 8 report the results for the vulnerability groups defined above. Whereas the coefficient associated with the cyclical component is negative (− 9.0) but not statistically significant for non-vulnerable women (top quintile of the vulnerability index), the coefficient for the most vulnerable group is much larger in absolute value (− 26.0) and highly significant. Unlike the results in Table 3 , male labor supply does not seem to move in line with changes in per capita GDP: the coefficients of the LFP regressions are much smaller for men and non-statistically significant in most cases. 20 Accordingly, the labor force participation ratio between men and women is positively related to the cyclical component of per capita GDP and negatively related to the trend component, particularly for the more vulnerable/ less educated groups.
Analysis at the country-group level
In order to gain more sample variability, we estimate model (3) based on a more disaggregated panel dataset where the units of observation are population groups defined in terms of schooling and age for each country and year. This also allows us to include other potential drivers of female LFP, besides the cyclical and trend components of GDP, such as the male unemployment rate and the coverage of CCT programs. We also control for other potential covariates of female LFP: factors that are jointly determined with the labor supply decisions (education, marriage, fertility), and factors that are likely exogenous to the individuals (gender income gap, cost of childcare and eldercare services, women's income, share of the services sector in GDP, rural population). 21, 22 Table 2 Models of female labor force participation by household structure Latin American countries, panel 1987 Fixed effects (by country) OLS regressions. Unbalanced panel of 18 countries. Dependent variable: female labor force participation as percentage of women aged 25-54; and ratios of female LFP ratio between groups expressed in percentage. Cyclical and trend components of GDP are obtained by applying the Hodrick-Prescott filter to the log of real per capita GDP. For detailed data definitions and sources, see Table 10 in the Appendix. Robust standard errors clustered by country in parentheses. ***Significant at 1% level, **5%, *10%
Married or single
Family structure
Married (M) Single (S) Ratio M/S Two parents (T) Single-parent (S) Single-person (P) Ratio T/S Ratio T/P
( The correlations of each of these additional controls with female LFP have the expected signs according to the empirical literature (see Busso and Romero Fonseca 2015) . 21 It should be noted that including women's wages and a proxy of the importance of the services sector contributes to controlling for factors related to the labor demand, which in turn are correlated with the business cycle. Therefore, these controls would likely capture the fact that recessions or short-term economic expansions can generate compositional changes in the productive structure, thus affecting female LFP. 20 The results for men and for the ratio men/women (not reported) are available upon request. Table 4 presents the estimation results of alternative specifications of model (3) with fixed effects by country and by group. 23 As a general result, we find that the sign and statistical significance of the coefficients associated with the cyclical and trend components of GDP are robust across specifications. The absolute value decreases as we incorporate additional regressors into the model. For instance, according to the basic model with controls (column 2) a 10-percent increase in the cyclical component of per capita GDP is associated with a fall in female LFP of 2.17 pp., whereas the estimated fall is reduced to 1.72 pp. when we include male unemployment, CCTs coverage and the full set of controls (column 8).
Our estimates suggest that men's unemployment rate may explain part of the countercyclical behavior of female LFP. Indeed, when the model includes that variable, the coefficient associated with the cyclical component falls significantly. The partial correlation between male unemployment and female LFP is always positive and statistically significant in the regressions with controls. When men's unemployment rate increases 1 pp., women's labor supply rises around 0.21 pp. This result is consistent with the added-worker effect and could explain part of the negative association between female LFP and the business cycle. On the other hand, the coefficients for CCTs coverage are negative in the models including controls (columns 4 and 8) although small in magnitude and never statistically significant. 24 Table 5 shows the results of estimating model (3) with the labor force participation ratio between men and women as the dependent variable. Cyclical expansions are associated with a widening of the gender gap: a 10-percent increase in per capita GDP is associated with an increase in the gender gap that ranges between 3.2 pp. and 5.8 pp. across specifications. CCTs coverage is statistically significant only in specifications that include the full set of controls. A 10-pp. increase in CCTs coverage is related to a widening of the gender ratio in labor supply of about 1.8 pp. Table 6 reports a range of specifications of models and different estimation methods as robustness checks. For instance, we use pooled OLS, a first-difference estimator, the Arellano and Bond (1991) GMM estimator for a dynamic model, and a random-effect estimator. We also estimate model (3) adding year fixed effects to the country and group fixed effects. We add controls for educational group trends, and additional variables that refer to cultural or legal factors, although in these cases the number of observations falls. We also restrict the sample to countries with available data for more than 10 and 20 years. In all cases, the main results hold: the countercyclical behavior of female LFP seems a robust result.
Of course, we are not controlling for all possible factors affecting female LFP and then our results could be biased due to omitted variables. One of these variables could be the expansion of pre-school and child-care coverage. 25 Unfortunately we were not able to build such a variable for all countries spanning over the period analyzed in the Fixed effects (by country) OLS regressions. Unbalanced panel of 18 countries. Dependent variable is female labor force participation as percentage of women aged 25-54. Columns show estimations of the models dividing individuals by different levels of educational attainment and quintiles of a vulnerability index; and ratios of female LFP ratio between groups expressed in percentage. Low education = less than secondary complete; medium education = secondary complete or tertiary incomplete; high education = tertiary complete. Vulnerable = individuals who are in quintile 1 of a vulnerability index based on the principal components of level of educational attainment, marital status and number of children in the household. Cyclical and trend components of GDP are obtained by applying the Hodrick-Prescott filter to the log of real per capita GDP. For detailed data definitions and sources, see Table 10 in the Appendix. Robust standard errors clustered by country in parentheses. ***Significant at 1% level, **5%, *10% 24 In part this result may be due to little variability in the data: we have data on CCTs coverage by country-year and not by group. 25 We are thankful to one referee for this observation.
paper. However, we do not expect the inclusion of that variable to be a serious threat to our main results. For countries for which data is available, the rate of growth in pre-school coverage was either constant or increasing in the 2000s, and then it can hardly account for a deceleration in female labor force participation. 26 In any case, our results also hold for women without children and with children older than 6, who were not affected by an increase in pre-school and child-care coverage. By all means, all the models estimated so far may potentially suffer from endogeneity bias. Although we are aware that we cannot rule out all endogeneity concerns with the data at hand, in the next section we carry out an additional robustness exercise to reinforce the credibility of our results.
Instrumental variables
With the aim of alleviating the concern for endogeneity we use instrumental variables and estimate model (3) through two-stage least squares (2SLS). In order to instrument the cyclical and trend components of the GDP we follow Besley and Pearson (2008) , Brückner and Ciccone (2010) and McGuirk and Burke (2016) , among others, and use exports prices. There is a large literature that discusses the close relationship between exports prices and the cyclical component of economic growth in Latin America (e.g. Erten and Ocampo 2013; Ocampo 2017) . In particular, the large upswing in GDP over the 2000s seems to have been largely attributed to improved exports prices for the region. Since Latin American economies are small, international prices can be considered exogenous and then largely unaffected by domestic variables such as LFP. Table 7 shows the results using the exports price index for each Latin American country computed by the United Nations Conference on Trade and Development (UNCTAD) as instrumental variable for GDP. 27 In all specifications, independently of whether we consider the cycle or the trend as endogenous variables, the estimated coefficient for the cyclical component of per capita GDP continues to be negative and statistically significant, although larger than the fixed effects estimates from subsection 6.2. This suggests that, if the instruments were valid, our previous results suffer from attenuation bias, so they could be interpreted as a lower bound of the true effect of the economic cycle on female LFP. 28
Concluding remarks
In this paper we explore the relationship between female labor force participation and the trend and cycle components of GDP based on fixed-effect models using panel , 1987 Fixed effects (by country and by group) OLS regressions. Unbalanced panel of 9 groups in 18 countries. Dependent variable: female labor force participation as percentage of women aged 25-54. Cyclical and trend components of GDP are obtained by applying the Hodrick-Prescott filter to the log of real per capita GDP. CCTs program coverage as share of population who are beneficiaries (not available for Venezuela). Unemployment rate for men in each education and age group. Additional controls: average years of education, average number of children, share of married women, share of women in charge of old person, average age of children in household, female hourly wage, hourly wage ratio (men/women), service sector value added as share of GDP, rural population as share of total population. For detailed data definitions and sources, see Table 10 in the Appendix. Robust standard errors clustered by country in parentheses. ***Significant at 1% level, **5%, *10%
(1)
(2) (3) (4) (5) (6) (7) (8) (1) Base model specification is the same presented in column 1 of Table 4 for female LFP and data from harmonized national household surveys for all Latin American countries. We find that female LFP is positively related to the trend component of per capita GDP-long-term effect-and negatively related to the cyclical component-mostly related to short-term shocks. This latter link is stronger for vulnerable women, with low educational attainment, married, with young children, and in low-income households, which is consistent with an inverse added-worker effect. We believe these results may shed light on an intriguing fact: the significant deceleration in female LFP in Latin America in the 2000s, a decade of exceptionally high economic growth.
Our results have nuanced implications in terms of wellbeing. On the one hand, the deceleration in female LFP may reflect the fact that in a more favorable economic context some women are no longer bound to enter the labor market to take precarious low-quality jobs. However, as suggested by Gasparini and Marchionni (2017) , staying out of the labor market during some time could imply a loss of productivity, making women less likely to work in the future, regardless of the macroeconomic conditions. Furthermore, it could mean a strengthening of the traditional gender roles in the household, negatively affecting the perspectives of women to participate in the labor force in the long term. Robust standard errors in parentheses ***p < 0.01, **p < 0.05, *p < 0.1 Columns 1 and 2 report the fixed effects (by country and by group) OLS estimates from columns 1 and 2 of Table 4 . Columns 3 to 6 report the fixed effects (by country and by group) 2SLS regression results. Unbalanced panel of 9 groups in 18 countries. Dependent variable: female labor force participation as percentage of women aged 25-54. Instrument variables: cyclical and trend components of the UNCTAD´s exports price index. Over-identification test refers to the Hansen J statistic, where the joint null hypothesis is that the instruments are valid. See notes to Table 4 for more details. Robust standard errors clustered by country in parentheses. ***Significant at 1% level, **5%, *10%
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Cyclical component of GDP endogenous
Cyclical and trend components of GDP endogenous (1) (2) (3) (4) (5) 2001, 2002, 2005, [2007] [2008] [2009] [2011] [2012] [2013] Brazil Pesquisa Nacional por Amostra de Domicilios PNAD 1988 -1993 , 1995 -1999 , 2001 , 2011 Chile Encuesta de Caracterización Socioeconómica Nacional CASEN 1987 CASEN , 1990 CASEN , 1992 CASEN , 1994 CASEN , 1996 CASEN , 1998 CASEN , 2000 CASEN , 2003 CASEN , 2006 CASEN , 2009 CASEN , 2011 CASEN , 2013 1991, 1995, 1996, [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] Mexico Encuesta Nacional de Ingresos y Gastos de los Hogares ENIGH 1989 , 1992 , 1994 , 1996 , 1998 , 2000 , 2002 -2006 , 2008 , 2012 Nicaragua Encuesta Nacional de Hogares sobre Medición de Nivel de Vida 1993, 1998, 2001, 2005, 2009 1989, 1992, [1995] [1996] [1997] [1998] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] Venezuela Encuesta de Hogares Por Muestreo EHM 1989 , 1992 , 1995 , 1997 -2011 The shaded cells correspond to the available surveys, which constitute the unbalanced panel that we use in the econometric estimates. The cells marked with the ~ and x signs are interpolated and extrapolated data, respectively, used to compute the descriptive statistics for the Latin American average in Sect. 4. Note that the Latin American average excludes Colombia, Dominican Republic, and Guatemala 
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